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ABSTRACT: The Enshu Coast with about 75 km coastline, located about 160 km south of Tokyo and faced the Pacific 
Ocean, has been affected by strong waves, high storm surges and strong coastal evolution. To investigate the regional 
sediment transport and local shoreline response in the vicinity of Imagirguchi Inlet, a one-line numerical model of 
shoreline change combined with a 2D wave transformation model and inlet reservoir model was applied and compared 
with measurement data. The simulation area extended from west Tenryu River mouth to downdrift area of Imagireguchi 
Inlet (see Fig. 1). A 9-year time series of measured wave data at a station near the Tenryu River mouth were used as 
input data to the models. The simulated shoreline agreed well with the measurement shoreline, both the calibration and 
validation periods. The simulated longshore transport shows that the net sediment transport is highly decreased from 
both the sides of Imagirguchi Inlet to the inlet channel.  
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INTRODUCTION  
The Enshu Coast, which is mainly supplied with 
sediment from the Tenryu River, is considerably eroding 
(UDA, 2007). Several previous studies suggested that 
the construction of the dam reservoirs on the Tenryu 
River has completely blocked sediment supplying to the 
coast (Yoshii, et al. ), resulting in a rapid decrease in the 
sediment supply and beach erosion around the river 
mouth (UDA, 2007). In addition, since the Enshu Coast 
faces the open sea in the Pacific Ocean, the coastal 
dynamics play an important role in the sediment 
movement and beach development. Construction of the 
jetties and breakwaters around the Imagireguchi Inlet 
result in a change in the topography and shoreline 
position on both sides of the inlet. Kuriyama et al. (2004) 
analyzed a 30-year bathymetric data set and compared 
the topography change during and after the construction 
of the jetties. The analyzed result showed that during and 
just after the construction, the ebb shoals on both sides 
of the inlet moved shoreward. However, after the 
construction, the shoal on the up-drift side moved 
seaward while the shoal on the down-drift side moved 
still shoreward.  
The application of an integrated analysis scheme 
(Kana, 1995; Rosati et al., 1999) and regional shoreline 
change modeling (Hanson, 1987; Larson, et al., 2003; 
Hoan et al., 2011) reveals that a large scale shoreline 
evolution is highly dependent on both sediment supply 
and wave climate condition. In particular, longshore 
sediment transport (LST) under the condition of wave 
climate variability, and sediment sinks and sources are 
critical components of an equilibrium state of the coastal 
morphology at regional scale. Rosati et al. (1999) 
analyzed the sediment budget along the 133-km barrier 
island on the Long Island Coast, the United State, 
including two jettied tidal inlets. The analyzed results 
show that the net longshore transport was highly 
decreased due to sediment sink at the tidal inlets, 
decreasing from +170.103m3/yr on up-drift side to -
1.103m3/yr on the downdrift side of the Moriches Inlet. 
As a result of the decrease in sediment supply, the beach 
on the downdrift side of the inlet was serious erosion. 
Hoan et al. (2011) applied one-line model of shoreline 
change combined with the inlet development model to 
examine the relationship between regional LST and 
shoreline response in the vicinity of tidal inlets. One of 
the results indicates that the shoreline evolution adjacent 
to the inlets is strongly influenced by both sediment 
bypassing at the inlets and sediment supply from the 
longshore transport at regional scale.      
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The main goal of this research is aimed at 
simulating LST and the local shoreline evolution around 
Imagireguchi Inlet (Fig. 2). In this study, for 9-km west 
coastline of the inlet, the one-line numerical model of 
shoreline change developed by Hoan et al. (2011) was 
employed in combination with the 2D wave 
transformation model namely EBED to simulate the 
detailed nearshore wave and sediment transport 
conditions. In another way, for the 17-km east coastline 
of the inlet, only the one-line model was applied with 
input data of breaking wave parameters estimated from 
the offshore wave condition. In addition, the inlet 
reservoir model developed by Kraus (2002) was used to 
calculate sediment bypassing at the inlet. A 9-year time  
series of measured wave data at an anchored station of 
40 m water depth in front of Tenryu River mouth (see 
Fig. 1) was used as input for the models. 
 
METHODOLOGY 
The simulation focused on simulating LST and 
shoreline evolution for a coastal stretch from west side 
of Tenryu River to downdrift area of Imagireguchi Inlet 
as well as shoreline response in vicinity of the inlet 
under the influences of the jetty system and sediment 
bypassing at the inlet. For downdrift area of the inlet, the 
 
Fig. 1. Study side (a) and measured shoreline change over each 10 years from 1960 to 2000 (b). 
 
Fig. 2. Imagireguchi Inlet and coastal protection constructions.   
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2D wave transformation model (EBED) was applied to 
represent the nearshore wave condition, using a detailed 
water depth grid with spatial step of 30 m. For the longer 
coastal stretch from updrift side of the inlet to Tenryu 
River mouth, due to lack of a detailed topography data, 
the nearshore breaking wave parameters were estimated 
from the offshore waves based on a method in 
CEM(2002). The sediment transport and shoreline 
evolution was simulated by the numerical model 
developed by Hoan et al. (2011), employing algorithms 
for the numerical solution developed by Hanson (1987) 
and using a water depth grid of 100-m spatial step. 
Sediment bypassing the inlet was calculated based on the 
reservoir analogy approach developed by Kraus (2000). 
 
Wave Transformation Model 
The numerical model of nearshore wave 
transformation (EBED) was developed by Mase (2001) 
based on the energy balance equation with diffraction 
and energy dissipation terms as, 
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where S is the angular-frequency spectrum density, (x, y) 
the horizontal coordinates, θ the angle measured 
counterclockwise from the x axis, vx, vy, and v the 
propagation velocities in their respective coordinate 
direction, ω the frequency, C the phase speed, and Cg the 
group speed, h the still water depth,  a free parameter 
that can be optimized to change the influence of the 
diffraction effects, K a dimensionless decay coefficient, 
and stabS the stable wave spectrum density, which is a 
function of the stable wave height stabH   h  , with 
 being a dimensionless empirical coefficient. Based on 
Goda (2006), the coefficients K and  can be determined 
as, 
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where m is the bottom slope. 
The output from the model includes three main 
parameters: significant wave height, significant wave 
period, and mean wave direction. 
 
Shoreline Change Model 
The shoreline change modeling is based on the one-
line theory (Pelnard-Considere, 1956), employing 
algorithms for the numerical solution developed by 
Hanson (1987). Conservation of sediment volume yields 
the fundamental equation to be solved for obtaining the 
shoreline change. Employing a local coordinate system, 
where the y-axis points offshore and the x-axis is 
oriented parallel to the trend of the shoreline, this 
equation is expressed as, 
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where: x = longshore coordinate;  y = cross-shore 
shoreline position; t = time; DB = average berm 
elevation; DC = depth of closure; Q = longshore sand 
transport rate; q = source or sink of sand. 
The empirical predictive formula for the total 
longshore sand transport developed by Hanson et al. 
(2006) was used, 
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where: H = wave height; d = water depth; Cg = wave 
group celerity; b = subscript denoting breaking wave 
condition; K1, K2 = empirical coefficients (treated as 
calibration parameters); s = density of sand;  = 
density of water; p = porosity of sand on the bed; sw = 
fall velocity; exV = external surf-zone average longshore 
current velocity generated by tide or/and wind; A = 
shape parameter;  = breaker index; g = acceleration 
due to gravity; fC = bottom friction coefficient;  = 
transport coefficient expressing efficiency of the waves 
keeping sand grains in suspension, which can be 
estimated through physical parameters as (Bayram et al., 
2007), 54.0 9.0 10b
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H
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; pT = peak wave 
period; and 0 = angle of breaking waves to the local 
shoreline orientation. 
 
Inlet Reservoir Model 
Tidal inlets located along the coastline act as sinks 
for the LST (FitzGerald et al., 2000). The capability of 
an inlet to trap sand depends on how close the 
morphological units (e.g., ebb shoal complex and flood 
shoal) are to their equilibrium volumes (Kraus, 2000), 
which are functions of the tidal prism and the erosion 
and deposition processes in vicinity of the inlet. Thus, 
inlet development can produce a decrease in the LST 
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rate on the downdrift side. In order represent sediment 
storage and transfer at inlets, the inlet reservoir model by 
Kraus (2000) as implemented by Larson et al. (2006) 
was employed in the present study. 
Assuming that 
LSTQ  is transported towards the inlet, 
sediment bypasses the inlet through the ebb shoal 
complex at a rate 
bQ , to be further transported 
alongshore downdrift the inlet, (Larson et al., 2006), 
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= volume of ebb shoal complex at any given 
time, with the corresponding equilibrium volumes eqV  
estimated based on the tidal prism (Walton and Adams, 
1976); and   and   = coupling coefficients defined as 
follows, 
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where fV , fqV  
= volume of flood shoal at any given time 
and at equilibrium, respectively. The coefficient  
specifies the portion of the incoming transport (QLST) that 
goes directly to the ebb shoal (1- ends up in the 
channel) and  the portion of the transport deposited in 
the channel that is eventually transported to the ebb 
shoal (1- goes to the flood shoal) (for details, see 
Larson et al., 2006). 
 
RESULTS AND DISCUSSION 
 
Shoreline Evolution 
The model was first run for the period 1960 to 1990 
to compare with the measured shoreline in 1990. The 
simulated and measured shorelines, as well as the initial 
shoreline, are plotted in Fig. 3. The transport coefficients 
were chosen based on the best fit between simulated and 
measured shorelines to be 1 0.04K   and 2 0.01K  , 
respectively. The value of the transport coefficient was 
held constant for the entire study domain. The simulated 
shoreline is overall in good agreement with the measured 
shoreline, particularly in vicinity of the inlet, where the 
sediment accumulation appears on both sides of the inlet. 
However, on west side of the inlet, the appearance of the 
salient-type feature behind the breakwaters was not 
represented in this modeled result because of effects 
from the breakwater system were not included in this 
model. 
Employing the above calibration parameters, the 
model was validated from 1960 to 2000 using the 1960 
measured shoreline as the initial shoreline (Fig. 4). For 
the validation period, the accumulation of shoreline on 
east side of the inlet was overestimated by the model, 
whereas on the west side was underestimated. In 
addition, details of the shoreline retreat in the downdrift 
area of Imagireguchi Inlet as well as at several places 
along the coastline stretch from Imagireguchi Inlet to 
Tenryu River mouth were not well reproduced during 
both the calibration and validation periods. The reason 
for this discrepancy may be due to several factors, at 
regional and local scale, that were not included in the 
model. Overwash by storm waves could produce a 
shareware displacement of the shoreline, which may 
have been the case west of Imgireguchi Inlet. 
 
Longshore Transport Rate 
The simulated net transport rate together with the 
analyzed data reported by Kuriyama (2004) are plotted 
in Fig. 5. The modeled annual net transport rate exhibits 
a high decreasing trend from both sides of the inlet to the 
inlet channel. Since the tidal inlet act as sinks to the 
longshore transport as they evolve towards their 
equilibrium state, the net transport rate decreases 
significantly across the inlets. The average annual 
longshore net transport rate obtained in this study is that 
157,000 m3/yr for the coastline stretch from 
Imagireguchi Inlet to Tenryu River mouth, and 29,000 
m3/yr for the coastline segment on west side of the inlet. 
For the east coast of the inlet, the averaged net transport 
rate simulated by the model was generally in good 
agreement with the analyzed data reported by Kuriyama 
(2004). Otherwise, for the west coast of the inlet, the 
direction of the modelled net transport was in the 
opposite direction of the analyzed net transport. The 
reason for this difference may be due to two factors. 
Firstly, the analyzed results of Kuriyama (2004) for the 
west coastline of Imagireguchi Inlet were based on a 
measurement of the shoreline positions and included 
several sediment sinks and sources at regional scale on 
about 40-km coastline from Akabane Harbor to 
Imagirguchi inlet. Thus, the direction of a local net 
transport may be in a different direction of the regional 
net transport. In another way, the modeled simulation in 
this study was focused on the detailed simulating LST 
and shoreline response adjacent to the inlet at local scale 
on about 9-km west coastline of the inlet. Thus, the 
analyzed data of Kuriyama (2004) represent the regional 
net transport character, while the modelled result 
indicate the net transport direction at local scale. 
Secondly, the direction of a net LST transport is 
generally controlled by a combination between the local 
shoreline direction and the breaking wave angle with 
respect to the local shoreline trend. The distribution of 
offshore wave energy estimated through the 9-year time 
series of wave measurement (Fig. 6) shows that the wave 
energy coming from the east side with a wave angle less 
than 180 degree, which can produce a LST in the 
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direction from east to west, is significantly higher than 
that with a wave angle greater than 180 degree, which 
can produce a LST in the opposite direction from west to 
east, 42.3% and 25.9% of the total offshore wave energy, 
respectively. This difference may explain why the 
regional net transport from Tenryu River to Irago Cape 
is in the direction from east to west. However, due to the 
shoreline trend wave transformation model and the inlet 
reservoir model was successfully applied to simulate the 
evolution of a stretch of coastline from west Tenryu 
River mouth to downdrift area of Imagirguchi Inlet, 
including the local shoreline response in vicinity of the 
inlet. The model was employed to simulate the period 
from 1960 to 2000 for the about 27-km coastline stretch 
that includes one tidal inlet and construction conditions 
of the jetty system. The significantly contribute a net 
transport in the direction from west to east. This may 
affect net transport rates at local scale and cause a 
difference between the modeled and analyzed result at 
the west side of Imagirguchi Inlet. if the offshore wave 
energy of 22.4% in the direction band of 180 degree (see 
Fig. 6) can. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
The numerical model of regional sediment transport and 
shoreline change combined with the 2D numerical 
modeled simulations were compared with measured 
shoreline evolution and annual net longshore transport 
rates reported by the previous study. The simulated 
shoreline agreed well with the measured shoreline, 
including the accumulation on both sides of 
Imagireguchi Inlet. The annual net longshore transport 
rate for the stretch of coastline from Tenryu River to 
Imagirguchi Inlet were overall in good agreement with 
the reported data. The modeled results show a high 
decrease in the annual net transport rate going from both 
sides of Imagireguchi Inlet to the inlet channel. and the 
west area of Imagirguchi Inlet, the large amount of 
application of the models to the Enshu Coast shows the 
capability of the model combination between the 1D 
regional shoreline change model and the 2D wave 
transformation model to simulate regional sediment 
transport and shoreline evolution for complex conditions 
that includes sediment transport and shoreline response 
at local scale under conditions of coastal structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Measured and modeled shoreline from the period 1960 to 1990 
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Fig. 4. Measured and modeled shoreline from the period 1960 to 2000 
 
Fig. 5. Annual net transport rate simulated by the model and analyzed data from measurements 
 
Fig. 6. Wave rose and offshore wave energy distribution based on 9-year time of wave measuredments at a staion of 
40m water depth in front of Tenryu River mouth. 
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